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A new interpretation of intrinsic charm phenomenon based on the assumption of pen- 
taquark \uudcc) mixing with a proton is offered. The structure function of the c-quark in 
the pentaquark is constructed. Mixing evaluation is given according to theoretical point 
of view, experiment data on D-meson production and inclusive production of the hidden 
charm particles. 



Today there are many articles related to intrinsic charm concept, which 
was introduced by Brodsky et al. pp. At the current article we want to 
discuss a new exited interpretation of the intrinsic charm phenomenon. As 
will be shown below, the intrinsic charm problem is closely related to the 
pentaquark \uudcc) existance and mixing of that state with the proton. 

Authors of ref. [I] made the assumption that Fock state decomposition 
of the proton wave-function contains a non- negligible \uudcc) component, 
which results in the specific distribution of c-quark in proton. According 
to [T], the probability to find \uudcc) configuration, in classical pertrubation 
theory, is get by expression: 
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Here and in the following we neglict any momentum dependence of the 
numenator (qi . . . q^\M\A) 2 . This matrix element determs absolute normali- 
sation, which will be discussed below. In the infinite-momentum frame, the 
energy denominator can be simply experssed in terms of the masses and 
momuntum fraction Xi of the Thus for that case p — > \uudcc) we have 
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Here rrii± = \J mf + p\ is a transverse quark mass, m p is a mass of the 
proton. It is sufficient to evaluate the distribution in the limit of very heavy 
quarks: m 2 c 3> m 2 , m 2 
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Then authors of [T] get structure function of quarks: 
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Repeating the integration over dx\ . . . dx± as ref. P, one can easily obtain 
the destribution of c-quark: 



P{x) = Nx 2 
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where N = 600 is determined by normalization condition for one c-quark 
/ P(x)dx = 1. 

The distribution P(x) is shown in fig. 1 by solid line. Under ^ we have 
the average of one charm quark momentum to be |, so the intrinsic charm 
contribution should stand out in D-meson spectrum for oc — rj ^ as well as for 
an inclusive hidden charm particle production (J/^f, Xc)- It was discussed in 
ref. 0[3]. 

Let us consider alternative model p[]. We construct stucture function 
for c-quark in the pentaquark \uudcc), which has quantum numbers like a 
proton. The result is obtained with assumption about the Regge asymptotics 
at x — > and the limitation of phase space with the transterse momentum: 

,„ . , ty(x)dx , . 

dP v (x) ~ , K J , (6) 
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, T , \ \x l ~~ ai for valence quarks with fravor i, 
where UMx) ~ < , r . 

for sea quarks, 

and «i - the intercept for the leading Regge trajectory related to quark with 
flavor i. 

The distribution function for the n-quarks state with m valence quarks 
can be drawn, according to [I]: 

5 m n , 

dG{ X1 , . . . , Xn ) ~ 5(1 - ^2 *<) n ^ n -f== ( ? ) 
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Repeating the calculations of ref. [I] for our case, with diffrent ctj, we 
get structure function for c-quark in the pentaquark, which consists of uudcc 
quarks: 

G(x) = Mx~ as (l - x )-i+7A+£t(i-^) ; (g) 
where M is a parameter, which stands unitary normalisation: j G(x)dx = 1. 
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Values cti were determed as following: 011,2,3 = &u,d(0) ~ \ are the in- 
tersepts for leading Regge /, A 2 trajectories, a 4j5 = a c (0) ~ —2.2 is the 
intersept for J/\I/ trajectory, getting at the article [S]. 

In original version Kuti-Weisskopf model jl] the unknown parameter 
7a = 3 determining the sea normalisation can be obtain using Drell-Yan- 
West relation [6]. We determ 7^4 = 3 according to [I]: 

G(x) = Mx 2 - 2 (l-xf (9) 

The structure function of the c-quark for the pentaquark \uudcc) ^ is 
shown in Fig. 1 by dotted line in comparison with the formula fl5j). 




Figure 1: Momentum distrubution of c-quark in the \uudcc) state: in the 
intrinsic charm model pQ satisfied (|5| (solid line); in the alternative approach 
based on [I] model satisfied ^ (dashed line) 

As we can see in Fig. [I] the probability distributions ^ and ^ are almost 
the same, under paremeters we chose. So we can suppose that the presented 
in ref. pQ probability distribution refers to the c-quark distribution in the 
pentaquark \uudcc) and was nothing to do with sea c-quarks. 

We have one more argument in favor of the hypothesis. It is well known 
that the quark distribution functions in K-mesons and 7T- mesons are different. 
The diffrence can be explained by the model ([7]) (see [7j) on the one hand 
and by model on the other hand. It convinces us that the probability 
distributions ^ and ^ refer to the valence c-quark momentum distribution 
in the pentaquark \uudcc). 

The next problem appeared is the proton-pentaquark mixing which de- 
terms absolute normalization. Let matrix element for p — > \uudcc) be equal 
to V, then admixture of the pentaquark in a proton is given by factor 
V/(E% — E 2 ), where E\, E 2 are energies of the pentaquark and the nucleon 
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respectively. The matrix element can be evaluated as Aqcd and the en- 
ergy diffrence can be estimated as the diffrence of masses. In that way the 
posibility to find the pentaquark in a proton is less than: 



In fact we should expect the mixing to be much smaller. Most likely it is 
due to diffrent color state of quarks in the pentequark and in a proton. 

1. In the original work PQ, based on assumption that most of the charm 
cross-section comes from diffraction in pp-interaction, the mixing was 
evaluated by 1%. 



2. In the later work [8] the restriction 0.59% was given, based on data 



of European Muon Collaboration (EMC) in hadronic scattering. The 
best fit to data gave 0.31%. 

3. Differential spectrum of D-mesons in photoproduction processes [2] 
contradicts the intrinsic charm hypothesis and set the contribution re- 
striction in the range of ~ 0.1 — 0.2%. 

4. The most fruitful results concerning a test of the mixing hysothesis can 
be obtained by hidden charm particles production. Such analysis was 
performed in ref. [3]. The limitation for the fluctuation p — > \uudcc) 
probability is ~ 10 -7 , according to [3]. 

The discussed model, based on the assumption about the pentaquark- 
proton mixing, gives a consistent interpretation of the intrinsic charm phe- 
nomenon, which is used so far for the hadron physics application j9]. It is 
worth emphesizing that the observation of the intrinsic charm phenomenon 
directly results in the existance of the stable pentaquark \uudcc). A discov- 
ery of pentaquark \uudcc) or getting more stringent restriction is a task of 
future experiments. 

Author would like to thank Prof. A.K.Likhoded for fruitful discussions 
and a set of constructive remarks. 



References 

[1] S.J. Brodsky, P.Hoyer, C.Peterson, N.Sakai, Phys. Lett., 93B (1980), 




(10) 



451. 



4 



[2] S.S. Gershtevn, A.K. Likhoded, S.R. Slabospitsky, Nucl. Phys.., 34 (1981), 
227. 

[3] A.K. Likhoded, V.A. Litvin, Nucl. Phys.., 62 (1999), 728-741. 

[4] J. Kuti, V.F. Veisskopf, Phys. Rev. D4 (1971) 3418. 

[5] V.G. Kartvelishvili, A.K. Likhoded, V.A. Petrov, Phys. Lett., 78B 
(1978), 615. 

[6] S.Drell, T.M.Yan Phys. Rev. 24 (1970), 181. 
G.B. West Phys. Rev. 24 (1970), 1206. 

[7] P.V. Chliapnikov, V.G. Kartvelishvili, V.V.Kniasev, A.K. Likhoded, 
Nucl. Phys.., B148 (1979), 400-412. 

[8] E. Hoffmanm, R. Moore, Z. Phys. C20 (1983), 71 

[9] G.I.Lykasov, V.A.Bednyakov, A.F.Pikelner, N.I.Zimin, 
arXiv:1205.1131v2 (2012). 



5 



